Abstract: In this paper, we design and theoretically investigate an ultracompact FabryPérot filter (FPF) consisting of two silicon-based high-contrast gratings (HCGs). The filter is proposed for implemention on a double silicon-on-insulator (double-SOI) platform. By using the rigorous coupled wave analysis method, we examine and discuss the influences of various factors on the transmission properties of the filter. The location of the transmission peak is capable of being tuned efficiently by changing the grating period, thickness, duty cycle, or filter cavity length. An ultrahigh quality factor (e.g., as high as 625960) can be readily achieved by merely choosing the appropriate grating period or thickness. Moreover, with increasing silicon substrate thickness, the modulation effect of the substrate is capable of decomposing the transmission peak into a bundle of subpeaks. In addition, structural differences between the two HCGs may degrade the peak transmittivity severely. In a word, this paper is devoted to a systematic report on the particular transmission properties of the filter and, thus, provides a clear picture of its overall performance, which is highly important for its practical design and applications.
Introduction
Fabry-Pérot filters (FPFs) formed on semiconductor substrates have been investigated extensively due to their significant applications in various fields including wavelength division multiplexing telecommunication systems [1] - [4] , optical sensing [5] , [6] and optical switching [7] , [8] . Two parallel broadband mirrors with high reflectivity are essential to construct FPFs. Traditionally, both mirrors consist of semiconductor distributed Bragg reflectors (DBRs), structures formed by multiple layers of alternating quarter-wave stacks with periodic variation in refractive indices, such as SiO 2 /Ta 2 O 5 on Si substrate [4] , GaAs/AlGaAs on GaAs substrate [3] , [9] , and InP/InGaAsP on InP substrate [10] . Their reflectivity and bandwidth depend mainly on the refractive-index contrast of the constituent materials and stack pairs. Because of epitaxial growth constraints, conventional combinations of DBR materials usually have small differences in the refractive indices, resulting in an inordinately large number of stack pairs to achieve sufficiently high reflectivity, in addition to a small reflection bandwidth [11] . This has been a main challenge in the fabrication of compact, narrow full-width-at-half-maximum (FWHM), broadband FPFs. Although InP/air-gap DBRs seem to overcome the challenge to some extent, they are difficult to fabricate and, more importantly, prone to distortion and collapse [12] , [13] .
High-contrast gratings (HCGs), which consist of a high-index grating layer fully surrounded by low-index materials, have been proposed and demonstrated to overcome the limitations of conventional DBRs [14] , [15] . By using only a single grating layer with thickness of hundreds of nanometers, HCGs can attain extraordinary and intriguing properties, such as high reflectivity, broad reflection band, and a small footprint, and thus, serve as high-quality mirrors in place of DBRs [16] - [18] . A kind of FPF composed of a top HCG mirror and a bottom DBR mirror has also been reported in [19] and theoretically investigated in [20] . HCGs reduce the mirror thickness, simplify the material growth requirements, and, thus, render relevant devices ultra-compact.
Complete replacement of the two DBRs with two HCGs in FPFs leads to HCG-based FPFs (HCG-FPFs), which feature ultra compactness, low weight, and the consequent potential of ultrafast tuning speed. Zhao et al. constructed an HCG-FPF with two layers of cross-stacked gratings but simply analyzed the resonant modes in the filter cavity [21] . Ho et al. proposed an HCG-FPF formed by two parallel 2-D HCGs with circular air-hole patterns [22] , and recently implemented a similar structure monolithically on silicon substrate [23] , whereas they mainly concentrated on the interesting experimental aspects. Thus far, few publications have provided a systematic report on the particular transmission properties of the HCG-FPFs, hindering our comprehensive understanding of this kind of filters. To fill the void, we present herein the design and analysis of a monolithic silicon-based HCG-FPF, which is proposed for implementation on a double siliconon-insulator (double-SOI) platform. We first propose its feasible fabrication process. Then, various factors affecting its transmission properties are analyzed and discussed exhaustively by using the rigorous coupled wave analysis (RCWA) method. Our analysis makes the peculiar transmission properties of the filter more distinct, and hence provides a clear picture for the overall performance of the HCG-FPFs.
Design and Fabrication Process of the HCG-FPF
As shown in Fig. 1(a) , the HCG-FPF consists of two parallel, identical, one-dimensional (1D) siliconbased HCGs, whose bars are periodic in the x -direction. The high-index silicon bars with refractive index of 3.48 are freely suspended, and are surrounded by air as low-index material. The structure parameters include grating period Ã, grating thickness T , grating bar width W , and duty cycle D. D is defined as the ratio of W to Ã. L represents the cavity length, i.e., the distance between the two HCGs. ' is the polarization angle. When the electric field (E -field) of the incident light is parallel to the grating bars ð' ¼ 0 Þ, we define it as TE polarization; when the E -field is perpendicular to the grating bars ð' ¼ 90 Þ, we define it as TM polarization. This HCG-FPF is proposed to be monolithically implemented on a double-SOI platform, the preparation process of which has been explicitly shown in [24] . As presented in Fig. 1(b) , the double-SOI platform comprises two pairs of Si/SiO 2 . Si-1 and Si-2 are the grating layers for the top and bottom HCGs, respectively, and have the same film thickness. SiO 2 -1 acts as the filter cavity layer, whereas SiO 2 -2 isolates the HCG-FPF from the bulk silicon substrate. We scheme the flow of the feasible fabrication process, as shown in Fig. 2 . First, a chromium layer is deposited on the top surface of the double-SOI platform (step a), followed by a spincoated positive electron beam (EB) resist (step b). The resist film is exposed by using EB lithography equipment. After the development of the EB resist (step c), grating patterns are transferred to the chromium layer by using ion beam etching (IBE) technology (step d). Then, the EB resist is completely removed (step e), leaving the patterned chromium layer as a hard mask. In the following process, inductively coupled plasma (ICP) etching is used to transfer the grating structure to the layers of Si-1 and Si-2, and reactive ion etching (RIE) is used to transfer the grating structure to the layer of SiO 2 -1 (step f). After the removal of chromium mask layer (step g), the buried layers of SiO 2 -1 and SiO 2 -2 are finally etched away by using hydrofluoric acid vapor to obtain two freestanding HCGs (step h), generating the HCG-FPF.
It is important to note that the HCG-FPF can also be achieved by following the fabrication flow shown in [23] , which has been firstly proposed and experimentally verified by Ho et al.
Structure Parameters of the Designed HCG-FPF
First, it should be noted that all the simulations in this study are based on the RCWA method. The silicon-based HCG can be regarded as a wavelength-dependent mirror. However, its reflectivity and reflection phase corresponding to each wavelength cannot be obtained merely by the relevant classic theory such as the transfer matrix method (TMM), because of the periodic distribution of the HCG structure. Therefore, the transmission properties of the HCG-FPF also cannot be calculated by the TMM, which has been extensively applied to uniformly distributed thin-film DBR-based FPFs [3] , [4] . RCWA is an accurate solution of Maxwell's equations for the electromagnetic diffraction induced by grating structures. The accuracy of the achieved solution depends solely on the number of terms reserved in the space-harmonic expansions of the electromagnetic fields. RCWA is also a non-iterative and straightforward technique that is widely used for various grating structures [25] .
The finite-difference time-domain (FDTD) and the finite element method (FEM) are two other powerful tools for dealing with the electromagnetic problems of the grating structures. As alternative methods of the RCWA, they can certainly be used to calculate the transmission properties of the HCG-FPF.
Due to the asymmetric 1-D nature of the HCG [11] , the HCG-FPF can be designed for TE (or TM) polarization application by choosing appropriate structure parameters. In the following simulations, the parameters are set as Ã ¼ 1:08 m, T ¼ 0:24 m, D ¼ 0:40, and L ¼ 1:042 m. HCG exhibits a broad high-reflection band only for TE polarization, as presented in Fig. 3(a) . Therefore, this set of parameters is only suitable for TE polarization. Consequently, the following simulations are all based on surface normal incident TE polarized light unless specified. Fig. 3(b) shows the transmission spectrum of the HCG-FPF, in which a sharp peak is observed at 1.55 m wavelength. Another peak at around 1.327 m wavelength, arising from an adjacent resonant mode, has a broader FWHM due to the lower reflectivity of the HCG at the corresponding resonant wavelength. The distance between the two peaks shows a free spectrum range (FSR) of ∼0.223 m. In the following, we mainly focus on the transmission peak located within the most popular optical communication window, i.e., 1.55 m wavelength. The inset of Fig. 3(b) shows the detail of the target peak at 1.55 m wavelength, from which an FWHM of ∼1.2 nm can be obtained, corresponding to a fineness of ∼460 and a quality factor of ∼1292. Fig. 4 provides a view of the steady-state E -field distributions in and around the HCG-FPF. Blue indicates areas with low field intensity, while dark red denotes regions with high field intensity. In Fig. 4(a) , for the incident wavelength of 1.55 m, the buildup of field energy mainly emerges symmetrically in the grating bar regions and the filter cavity, which confirms that strong coupling between Fabry-Pérot modes and waveguide modes occurs in the HCG-FPF. Consequently, the field energy corresponding to 1.55 m wavelength will transit through due to the Fabry-Pérot resonance. However, because of the much stronger enhancement of the field (as high as ∼23.8 times) in the HCG-FPF, the incident and emergent field distributions cannot be distinctly observed in in which no obvious resonance is observed in the filter cavity. Thus, the incident field mainly interacts with the bottom HCG, and only guided mode resonance occurs. Under this circumstance, the HCG-FPF acts as a high reflectivity mirror, reflecting back the field energy. The reflected field interferes with the incident one, producing interference patterns.
Transmission Properties of the HCG-FPF
Several factors (including grating thickness, period, duty cycle, filter cavity length, oblique incident angle, and so on) may influence the transmission properties of the HCG-FPF. The effect of each factor is investigated in the succeeding sections. crease in Ã, a quasi-linear red shift of the peak is observed, accompanied by an initial decrease and a subsequent increase in its FWHM. The red shift of the peak may be explained qualitatively as follows. At the transmission peak wavelength 0 , the phase shift originated from a single round-trip of propagation in the filter cavity should be a multiple of 2, which ensures the resonance condition inside the cavity. The total phase shift after a round-trip can be expressed as [26] 
Effect of the Grating Period Ã
where m is an integer; Á' HCG1 , Á' HCG2 , and Á' cavity are the phase shifts imparted by the top HCG, the bottom HCG, and the filter cavity, respectively. Here, Á' HCG1 is equal to Á' HCG2 due to the identical structure of the two HCGs. Á' HCG1 ðÁ' HCG2 Þ is very sensitive to the incident wavelength and structure parameters, such as Ã, T , and D. An in-depth study on this subject was carried out in [27] . When Ã varies, Á' HCG1 ðÁ' HCG2 Þ also changes, and the established resonance condition is broken. Instead of passing through, the aforementioned wavelength 0 will be stopped. Hence, the incident wavelength has to shift until a new resonance condition is built, for instance, at 1 . Thus, 1 will become the new transmission peak wavelength. In a word, the red shift of the peak here should be attributed to the phase shift variation of the HCG resulting from the increase in Ã. wavelength intervals between adjacent peaks are 14.4 nm, 14.8 nm, 15.0 nm, and 15.3 nm, quantitatively verifying the quasi-linear relationship of the peak location against Ã. For a DBR-based FPF, there is an inverse relationship between the FWHM and the DBR reflectivity; that is, the higher the DBR reflectivity is, the narrower the FWHM will be. When it comes to the HCG-FPF, the same situation exists. Fig. 5(b) shows the reflection contour of the HCG as a function of wavelength and Ã, with the white dotted line indicating the HCG reflectivity corresponding to the transmission peak in Fig. 5(a) . The HCG reflectivity first increases and then decreases along the white dotted line for Ã values from 1.03 m to 1.20 m, which leads the FWHM of the transmission peak to behave in an opposite way, that is, first decreases and then increases, just as shown in Fig. 5(a) . Most notably, when Ã is around 1.11 m, the FWHM is so narrow due to the ultra-high (approaching 100%) HCG reflectivity that the peak seems to disappear from Fig. 5(a) . For Ã ¼ 1:11 m, the transmission peak is located at 1.5648 m wavelength, whereas the HCG reflectivity and FWHM are calculated to be 0.99998 and 0.0025 nm, respectively. The peak with such a narrow FWHM cannot be clearly observed in Fig. 5(a) . On the other hand, the FWHM is inversely proportional to the quality factor of the HCG-FPF, i.e., Q ¼ =FWHM, where Q and denote the value of the quality factor and the peak wavelength, respectively. Here, an FWHM of 0.0025 nm corresponds to a Q value as high as 625960. Ã is known to be a lithographically defined parameter and can be adjusted easily and continuously. In other words, the quality factor can be tuned continuously and an ultra-high Q value may also be achieved readily merely by changing Ã lithographically. This is much superior to DBR-based FPFs, in which an increasing quality factor requires inordinately additional DBR pairs. Finally, it should be pointed out that the theoretical peak transmittivity remains constant to unity during the whole process of increasing Ã from 1.03 m to 1.20 m. 6(b) shows the reflection contour of the HCG as a function of wavelength and T , with the white dotted line indicating the HCG reflectivity corresponding to the transmission peak in Fig. 6(a) . The FWHM of the peak in Fig. 6 (a) first decreases and then increases, as a response to the variation of the HCG reflectivity indicated by the white dotted line in Fig. 6(b) . Similarly to Fig. 5(a) , when T is around 0.233 m, the FWHM is so narrow due to the ultra-high HCG reflectivity that the peak is not observable in Fig. 6(a) . At T ¼ 0:233 m, the peak is located at 1.5337 m wavelength, whereas the HCG reflectivity and FWHM are 0.99998 and 0.0027 nm, respectively. The corresponding Q value is as high as 568037. Therefore, the FWHM of the peak, as well as the quality factor, can be readily tuned by varying T . Similarly, the theoretical peak transmittivity remains at 1 as T increases from 0.21 m to 0.26 m in Fig. 6(a) . Fig. 7(a) indicates a significant difference in that the FWHM of the peak varies much more moderately, mainly stemming from inconspicuous variation in HCG reflectivity along the white dotted line, as shown in Fig. 7(b) . Fig. 8(a) presents the transmission contour of the HCG-FPF as a function of wavelength and cavity length L, given the parameters Ã ¼ 1:08 m, T ¼ 0:24 m, and D ¼ 0:40. The peak moves from wavelengths 1.532 m to 1.576 m in a quasi-linear manner as L increases from 1.00 m to 1.10 m. Here, the peak shifting arises from the phase shift variation of the cavity rather than that of the HCG. By changing L, we can efficiently tune the transmission peak. This tuning mechanism has been widely implemented in DBR-based FPFs through thermal-optic [2] or micro-electro-mechanical system (MEMS) techniques [1] , [13] . Furthermore, it seems that the FWHM of the peak almost keeps constant when L varies, as shown in Fig. 8(a) , which implies a high uniformity of HCG reflectivity in the wavelength range of 1:53 $ 1:58 m [see Fig. 3(a) ]. At L ¼ 1:02 m, 1.04 m, 1.06 m, 1.08 m, and 1.10 m, Fig. 8(b) shows five transmission curves with peaks at wavelengths of 1.5408 m, 1.5493 m, 1.5580 m, 1.5668 m, and 1.5759 m, respectively. Thus, the wavelength intervals between adjacent peaks are 8.5 nm, 8.7 nm, 8.8 nm, and 9.1 nm, quantitatively confirming the quasi-linear relationship of the peak location against L. Meanwhile, corresponding to each peak, the FWHM and the HCG reflectivity are calculated to be 1.1 nm, 1.1 nm, 1.2 nm, 1.3 nm, 1.5 nm, and 0.99078, 0.99038, 0.98983, 0.98914, 0.98828, respectively. Therefore, along with the increase in L, an inconspicuous broadening of the FWHM is observed in Fig. 8(a) as a response to the slight degradation in HCG reflectivity.
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Effect of the Incident Beam Plane Angle
In this section, the effect of non-zero incident beam plane angle is considered. The incident beam plane angle is the angle of rotation of the HCG about the z-axis, and equal to the polarization angle ' defined in Fig. 1(a) . The HCG-FPF here is designed only suitable for TE polarization, and its transmission performance will surely be affected by the non-zero incident beam plane angle '. This phenomenon is shown more intuitively in Fig. 9(b) , which displays four transmission curves corresponding to ' ¼ 10 , 20°, 30°, and 40°, respectively. To make the explanation to this phenomenon more understandable, we show the transmission curves of the HCG-FPF under TE-only ð' ¼ 0 Þ and TM-only ð' ¼ 90 Þ polarizations in Fig. 9 (c) and (d), respectively. When ' is between 0°and 90°, the incident light E -field can be decomposed into two orthogonal parts, that is, TE component E TE and TM component E TM , since E -field is a vector. Therefore, the transmission curve of the HCG-FPF corresponding to a certain ' in Fig. 9(b) can be considered as a composition of the curves in Fig. 9 (c) and (d) through a weighting factor, which is dominated by '. With ' increasing, E TM will increase, too; thus, the weight of Fig. 9(d) in the final transmission curve also increases. Consequently, the peak transmittivity of the HCG-FPF at 1.55 m wavelength gradually decreases, whereas the side-band arises.
Effect of the Oblique Incident Angle
All the simulations in the front sections are carried out based on the rigid surface normal incidence; however, off-normal incidence may sometimes be closer to reality. In the following, we investigate the transmission properties of the HCG-FPF under oblique incident TE polarization. For simplicity, we assume that the incident plane is perpendicular to the grating bar direction, i.e., in the x Àz plane, as shown in Fig. 1(a) . Fig. 10(a) A simulation of the reflection contour of HCG versus wavelength and is shown in Fig. 10(b) , in which the white dotted line indicates the HCG reflectivity corresponding to the transmission peak in Fig. 10(a) . As increases, the FWHM of the peak broadens rapidly due to the obvious decrease in the HCG reflectivity along the white dotted line, which also means a severe degradation in the quality factor. However, both the peak location and the FWHM show a moderate variation when is relatively small, e.g., G 3 , as shown in Fig. 10(a) . Therefore, the oblique incident angle-dependent effect, to some extent, becomes insignificant in relation to a quasi-normal incidence as is small enough.
Effect of the Silicon Substrate
Thus far, we have not considered the influence of the silicon substrate. Because the proposed HCG-FPF is arranged on a double-SOI platform, we cannot neglect the existence of the substrate. Fig. 11(a)-(c) A perfect transmission peak is observed when the substrate is absent ðS ¼ 0 mÞ, as shown in Fig. 11(a) . For a relatively thin substrate ðS ¼ 50 mÞ, as shown in Fig. 11(b) , small side lobes begin to appear around the main peak. Along with the increase in S, the peak undergoes further deterioration.
For S ¼ 350 m (a typical thickness for silicon substrate), as shown in Fig. 11(c) , the main peak splits into a bundle of sub-peaks, which degrades the performance of the HCG-FPF severely. The substrate itself can practically be regarded as an FPF, which is with a low fineness due to the poor (around 30%) reflectivity at the silicon/air interface. The existence of the substrate imposes a strong modulation on the ideal spectrum of the HCG-FPF, causing the total spectrum to split up. For S ¼ 50 m and 350 m, as shown in Fig. 11(d) , the transmission spectra of the silicon substrate have modulation periods of ∼7 nm and ∼1 nm, respectively, which further verifies that a thicker substrate results in a stronger modulation. Fig. 12 (a) and (b) presents the transmission contour of the HCG-FPF as a function of wavelength and S, showing the modulation effect of the substrate on the transmission spectrum as S varies. When the substrate is relatively thin, i.e., around 50 m, as shown in Fig. 12(a) , only a few side lobes appear on both sides of the main peak, and their locations are closely dependent on the specific S value. Meanwhile, the main peak position also changes in a periodic manner as S varies. On the contrary, with a thick substrate of around 350 m, as shown in Fig. 12(b) , the peak decomposes into a heap of sub-peaks, the wavelength locations of which are also determined by S. A thinner substrate results in a better transmission spectrum.
A feasible way to suppress the sub-peaks is to reduce the substrate thickness as much as possible by well-controlled grinding and polishing. Another method is the complete removal of the silicon substrate from the backside by the deep reactive ion etching (DRIE) technique, which has been widely applied to the fabrication of various membrane devices on the GaN/Si platform [28] , [29] . A third method is the deposition of an appropriate anti-reflection coating (ARC) layer aimed at 1.55 m wavelength on the bottom silicon/air interface. ARC is a popular technique to diminish or even eliminate the reflection at an interface formed by a dielectric material and the air. With the aid of the ARC layer, the reflection at the bottom silicon/air interface will be significantly diminished, and thus, the FP cavity formed by the two silicon/air interfaces will be eliminated. Naturally, the modulation effect of the substrate will be considerably suppressed. According to the classic theory correlated to ARC, the refractive index n ARC of an ideal ARC layer can be easily obtained as n ARC ¼ ðn Si Ã n Air Þ 1=2 % 1:865, where n Si and n Air are the refractive indexes of the silicon substrate and air, respectively. HfO 2 may be a good choice for the ARC material. HfO 2 is transparent from the visible-to-infrared band and possesses outstanding characteristics, including a high laser damage threshold, and good thermal/chemical stability. Besides, an HfO 2 membrane can be efficiently prepared through several techniques, including atomic layer deposition and electronic beam evaporation [30] . The refractive index of HfO 2 at around 1.55 m wavelength is generally within 1.8$2.05, which is highly correlated to the preparation technique and material quality.
Effect of the Structural Differences Between the Two HCGs
Previous simulations have assumed the two HCGs have identical structure parameters. Nevertheless, the proposed fabrication process, as shown in Fig. 2 , may result in structural differences in grating thickness and duty cycle between the two HCGs. Here, we assume that the bottom HCG in Fig. 1(a) has grating period Ã 1 , thickness T 1 , and duty cycle D 1 , whereas the top HCG has corresponding parameters of Ã 2 , T 2 , and D 2 , respectively. The cavity length L is set at 1.042 m, and the influence of the substrate ðS ¼ 0Þ is neglected. Fig. 13(a) presents the transmission contour of the HCG-FPF as a function of wavelength and T 1 , given the parameters changes in the bottom HCG reflectivity, as discussed in the preceding sections. Most notably, increasing the deviation of T 1 from T 2 will tremendously degrade the peak transmittivity because the reflectivity imbalance between the two HCGs is deeply exacerbated [see Fig. 6(b) ] [19] . Therefore, the consistency of T 1 with T 2 during the actual fabrication process should be sustained as much as possible because of the relatively small tolerance for the difference between them. Fig. 13 deviates from D 2 , the peak location, as well as its FWHM, changes. The deviation of D 1 from D 2 also leads to reflectivity imbalance between the two HCGs, which will degrade the peak transmittivity. Fig. 13(b) shows a much lesser degradation of the peak transmittivity in comparison with Fig. 13(a) , indicating a relatively larger tolerance for the difference between D 1 and D 2 .
Discussions
Through RCWA simulations, we show that the peak location of the HCG-FPF can be tuned efficiently by changing the grating period P, thickness T , duty cycle D, or cavity length L. This property is superior to that of DBR-based FPFs, the peak tuning of which is generally achieved only by changing the cavity length directly [1] or indirectly [2] . The peak shifting in the HCG-FPF can be interpreted as a phase shift variation caused by a change in the specific structure parameters. It should be noted that the peak moves in a quasi-linear manner against L, as well as against P and T , which significantly facilitates our prediction of the peak location as the corresponding parameters change. Moreover, we can readily tune the FWHM of the peak efficiently and continuously by changing P or T and consequently tune the quality factor of the HCG-FPF. With a suitable P or T , an ultra-high quality factor (e.g., as high as 625960) is theoretically attained. This characteristic is much more attractive compared with that of a DBR-based FPF, the quality factor elevation of which generally requires inordinately additional DBR pairs, making the whole device bulkier and more costly. On the other hand, thanks to the sensitivities of the wavelength location and FWHM of the peak to P, T , D, and L, it is very probable that sensing applications of the HCG-FPF referring to these structure parameters can be exploited. A non-zero incident beam plane angle can degrade the peak transmittivity and give rise to a high sideband, because the HCG-FPF is polarization-sensitive and designed only for TE polarization; it is necessary to keep the incident beam plane angle at zero as much as possible. Oblique incidence on the HCG-FPF moves the peak toward a shorter wavelength and broadens its FWHM. This feature may be applied to sensing angle-dependent information. Nevertheless, the quality factor degrades rapidly with the increase in the incident angle; thus, oblique incidence should be avoided when the HCG-FPF is considered for ultra-high quality factor applications. This HCG-FPF is proposed for implementation on a double-SOI platform. The preserved silicon Structural differences between the two HCGs will change the FWHM and peak location and, particularly, degrade the peak transmittivity.
substrate will degrade the performance of the HCG-FPF significantly by decomposing the transmission peak into a bundle of sub-peaks. The thicker the substrate is, the worse the transmission spectrum will be. Generally speaking, post-treatment of the substrate is essential to minimize or eliminate its negative effect. Structural differences (particularly in grating thickness) between the two HCGs influence the wavelength location and FWHM of the peak and, in particular, degrade the peak transmittivity. Ensuring consistency in the structure of the two HCGs during the practical fabrication process is therefore very important.
Conclusion
This study investigates the transmission properties of a silicon-based HCG-FPF. The HCG-FPF is proposed to be monolithically implemented on a double-SOI platform, and features ultra compactness, low weight, tunable FWHM and peak location, and easy integration with silicon-based photonic devices. We briefly discuss its feasible fabrication process. By means of RCWA simulations, the influences of various factors (grating period, thickness, duty cycle, filter cavity length, oblique incident angle, silicon substrate thickness, and structural differences between the two HCGs) on the transmission properties of the proposed filter are analyzed and discussed exhaustively. The peak location is capable of being tuned efficiently by varying the grating period, thickness, duty cycle, or filter cavity length, because of its sensitivities to these structure parameters. The FWHM of the peak is also capable of being tuned continuously by altering the grating period or thickness; thus, an ultra-high quality factor is readily achieved by merely choosing the proper period or thickness. A non-zero incident beam plane angle generally causes a decrease in peak transmittivity and a rise in side-band. A blue shift of the peak appears with an increasing oblique incident angle, which severely degrades the quality factor of the HCG-FPF. We also consider the contributions of the silicon substrate, of which an increasing thickness leads to a serious splitting of the peak. In any case, this negative effect can be considerably alleviated by substrate thickness reduction and ARC layer deposition or eliminated through complete substrate removal. Structural differences between the two HCGs may degrade the peak transmittivity, as well as change the FWHM and peak location. Thus, the structural consistency of the two HCGs should be maintained as much as possible. Overall, this study makes the peculiar transmission properties of the HCGFPFs much more distinct, which is highly important for their practical design and applications.
